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PRELIMINARY AMENDMENT 



Sir: 



Prior to examination, Applicant wishes to amend the subject application as follows: 
In the Specification: 

Please replace page 1, line 13 to page 2, line 9, with the following: 
Description of the Prior Art 

A conventional liquid-drop spraying device is a liquid-drop spraying device performing spraying 
by discharging a liquid-drop from discharging outlet due to the volume changes of a plurality of pressure 
rooms, which are connected to the common pass via inlets provided in these respective pressure rooms, 
piezo-electric / electrostrictive element is formed on one portion of wall in every pressure room and the 
relevant element is changed in shape by voltage signal applied to the relevant element. Then, in the case 
where a large amount of a liquid is discharged by use of a raw material fuel discharging device, a large 
number of discharging unit providing one piezo-electric / electrostrictive element in one pressure room 
have been placed on a liquid-drop spraying device or discharging period has been made shorter. In such 
a liquid-drop spraying device, for example, as a fuel ejecting device densely arraying a large number of 
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ejecting elements having a nozzle in a staggered arrangement on the entire inside wall surface of inlet 
manifold in carbureter of internal combustion engine, there is a fuel ejecting device published in Japanese 
Unexamined Patent Publication No. 54-90416 (1979) official gazette. Its cavity of each ejecting element 
is made on the manifold wall so that nozzle is located inside, and piezo-electric vibrator is placed on the 
outside surface via a thin metal plate. Then, each ejecting element is connected to a fuel tank via passage 
equipped with a check valve, a liquid within a cavity is ejected from the nozzle towards the inside of a 
manifold by the vibration of the piezo-electric vibrator. 

Please replace page 10, lines 1-11, with the following: 
Brief Description of the Drawings 

FIG. 1 is a vertical sectional view of a discharging unit of a liquid-drop spraying device; 

FIGS. 2(a)-2(c) are illustrations showing the other liquid-drop spraying device; 

FIG. 3 is an illustration showing the other liquid-drop spraying device; 

FIG. 4 is a perspective view showing the liquid-drop spraying device of FIG. 3; and 

FIGS. 5(a) and 5(b) are illustrations showing the other liquid-drop spraying device. 

REMARKS 

Prior to examination, Applicants respectfully request entry of this Amendment in which the 
specification has been amended to correct minor informalities. Pursuant to 37 C.F.R. § 1.121(b)(l)(iii), 
a marked-up version showing the amendments thereto is attached. No new matter has been added. 
Applicants believe the case is now in condition for examination. 

If the Examiner believes that contact with applicants' attorney would be advantageous toward 
the disposition of this case, he is herein requested to call applicants' attorney at the phone number noted 
below. 



The Commissioner is hereby authorized to charge any additional fees associated with this 
communication or credit any overpayment to Deposit Account No. 50-1446. 



June 28, 2001 



Date 



SPB/eav 

BURR & BROWN 

P.O. Box 7068 

Syracuse, NY 13261-7068 




submitted, 



Stepmeri P. Bu 
Reg. No. 32,97 




Customer No.: 025191 
Telephone: (315) 233-8300 
Facsimile: (315)233-8320 
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Changes made to page 1, line 13 to page 2, line 9, are as follows: 
Description of the Prior Art 

A conventional liquid-drop spraying device is a liquid-drop 
spraying device performing spraying by discharging a liquid- drop from 
discharging outlet due to the volume changes of a plurality of pressure 
rooms, which are connected to the common pass via inlets provided in 
these respective pressure rooms, piezo-electric / electrostrictive 
element is formed on one portion of wall in ever/ pressure room and the 
relevant element is changed in shape by voltage signal applied to the 
relevant element. Then, in the case where a large amount of a liquid is 
discharged by use of a raw material fuel discharging device, a large 
number of discharging unit providing one piezo-electric / 
electrostrictive element in one pressure room have been placed on a 
liquid-drop spraying device or discharging period has been mad e longer 
shorter . In such a liquid-drop spraying device, for example, as a fuel 
ejecting device densely arraying a large number of ejecting elements 
having a nozzle in a staggered arrangement on the entire inside wall 
surface of inlet manifold in carbureter of internal combustion engine, 
there is a fuel ejecting device published in Japanese Unexamined Patent 
Publication No. 54-90416 (1979) official gazette. Its cavity of each 
ejecting element is made on the manifold wall so that nozzle is located 
inside, and piezo-electric vibrator is placed on the outside surface via 
a thin metal plate. Then, each ejecting element is connected to a fuel 
tank via passage equipped with a check valve, a liquid within a cavity 
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is ejected from the nozzle towards the inside of a manifold by the 
vibration of the piezo-electric vibrator. 

Changes made to page 10, lines 1-11, are as follows: 
Brief Description of the Drawings 

FIG. 1 is a vertical sectional view of a discharging unit of a 
liquid-drop spraying device; 

FIG. 2 is an il lust rat io n FIGS . 2 (a) -2 (c) are illustrations showing 
the other liquid-drop spraying device; 

FIG. 3 is an illustration showing the other liquid-drop spraying 
device; 

FIG. 4 is a perspective view showing the liquid-drop spraying 
device of FIG. 3; and 

FIG. 5 is an illustratio n FIGS . 5(a) and 5(b) are illustrations 
showing the other liquid- drop spraying device. 
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Fxeld of the Invention 

The present invention relates to a liquid-drop spraying 
device placed in a raw material fuel discharging device which 
is used for a variety ot machines treating the above described 
10 liquid or acting by discharging a liquid raw material ui fuel. 



Description of -the Prior Art 

A conventional liquid drop spraying device ie a 
liquid drop 3praying device performing spraying by discharging 

15 a liquid-drop from discharging outlet due to the vnlnniA changes 
of a plurality of pre.ssnra rooms, which are connected to the 
r.nmmon pass via inleta provided in these respective pressure 
rooms, piezo-electric / electrostrictive element is formed on 
one port ion of wall in every pressure room and the relevant element 

20 is chanqed in shape by voltage signal applied to the relevant 
element. Then, in the case where a large amount ot a liquid Is 
discharged by use ot a raw material fuel discharging device, 
a large number of discharging unit providing one piekso-ely^Lric 
/ electrostrictive element in one pressure room have been placed 

25 on a liquid-drop spravinq device or discharging period has been 

mad^ longer . In such a liquid-drop spraying device, fox example, 

■ • -~ -'- 

as a fuel ejecting device densely arraying a large number of 
ejecting elements having a nozzle in a jiggered arrangement 
on tii© entire insiriRwal l surface of inlet manifold Ixj udibureber 
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of internal combustion engine,- there lb a fuel ejecting device 
published in Japanese Unexamined Patent Publication No . 54-90416 
(1979) official gazette. Its cavity of each ejecting element 
is made on the manifold wall so that nozzle is located inside, 
5 and picao-electric vibrator is placed on trifc outside surface 
via a thin metal plate . 'Then, eaoJi ej«r.r.1 ng element is connected 
to a tuel tank via passage* equipped with a check valve, a liquid 
within a cavity is ejected from the nozzle towards the inaidc 
of a manifold by the vibration of the piezo-clcctric vibrator. 

10 However, even if a liquid-drop spraying device is provided 

with a. large number o£ discharging units in order rn increase 
the discharging amount, since rii spl a cement amount u£ 
piszo-electric / elect rnstrl cr.ive element is t-mall and an area 
where d.i sr.harging units are placed is limited, depending on the 

!fi use, there have been cases that a sufficient discharging amount 
cannot be sprayed. 

Moreover, that a large number ot discharging units are 
provided corresponding to the required Hi sr.hargi.ng amount, and 
that piezo-electric / elect rostri ntion element of small amount 

20 of displacement is integrally laminate molded with a pressure 
mom to perform precise alignment on the pressure room, arc 
factors that raise the manufacturing cost. 

Furthermore, that a pressure room and piezo-electric / 
electrostriction element are integrally sintered and formed is 

25 means for suppressing the manufflnmring cost, however, there 
has been a limitation that materials fox vibration source 
increasing and reducing the pressure of a pressure room arc 
liiuiLed. 
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Disclosure of the Invention 

Accordingly, in o^der to resolve the above described 
problem/ the present inventor provides a liquid-drop spraying 
device capable of spraying a liquid from a discharging outlet 
5 by vibration sources such as piezo-el finr ri n / fi1 errr. restrictive 
element and others wh.i r.h ar# provided to a liquid sump wiLli Lwo 
or mors prfissnre rooms or pass or yLu. by Lhe number less than 
the number o£ Lhe pitsssure rooms, and increase and reduce the 
pressure to them in the liquid sump, 

10 In the present invention of claim 1 out of the invention 

a3 claimed in the application concerned, a liquid-drop spraying 
device has a liquid sump consisted of the pmssnrft room equipped 
with at leasr one di schargl ing outlet, and a pasb counseled Lo 
onp. or more pressure rooms vid au inlet and supplying a liquid, 

15 and a. vibrdiLiuti source causing the relevant liquid 3ump to change 
the volume, and in which at Icaot two or more relevant pressure 
rooms arc provided to the relevant vibration source. Owing to 
this, not only a liquid can be discharged from a plurality of 
discharging outlets by one action only by driving one vibration 

20 source, hut also a vibration source itself becomes larger, the 
selection of deaiyu is more various than conventional one, and 
a larger displacement can be qenerated. 

Now, a liquid sump is designed so that it does not have 
a valve structure in an inlet coupling a pressure room equipped 

25 with at least one discharging outlet and a pass supplying a 1 1 quid 
to one or more pressure rooms, when a liquid is discharged since 
pressure variation by increasing and decreasing the pressure 
occurs in pressure rooms, a large amount of back flow is not 
generated from the inlet provided in narrow and small area to 
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the pass. Moreover, it will be yuud Hid I vibration source is 
a member vibrating a predetermined vibration, and vibration 
source includes also general vibration source such as solenoid 
coil and the like besides one which electric signal is converted 
5 in direct to physical operation as piezo-e.l RP.r ri r. / 
electrostriction element. Particularly, p1 f?70-el eor.ric / 
electrostricT.inn f>1 ftrneinr. 1a excellent in its quick response, 
1 arge force and accuracy of vibration amount, and it is preferable . 
Mcreuver, a structure of a piezo-electric / electrootriction 

10 element is not limited to structures such as a single layer element 
forming electrodes on its both sides and a composite element 
enlarging displacement in space by combining wirti oth^r ft! asr.1 c 
materials and. the like, an, art.nat.nr lamlnared molding 
piezo-el ervtri r. / fsl f»or.rosr_rictive element and elect-rudes over 

15 mult ip layer i» aui table from the viewpoint of its low voltage 
driving ability and large displacement ability. 

Moreover, the invention o£ claim 2 is a liquid-drop 
spraying device in which a liquid sump and a vibration source 

20 are s<=>parar.ft bodies. Owing to this, the vibration source can 
be individually formed separated from the liquid sump, for 
example , the vibration source can be formed by a material 
enlarqinq displacement amount, separated from the liquid sump. 
Moreover, if the material of the liquid sump is, for example, 

25 metal, its toughness is enhanced, durabi l i ty nan toe: Increased. 
And since material components forming the vibratiuu source is 
not diffused Lu side of a. substrate equipped with the liquid 
sump, the material of the substrate is stable and durability 
i3 further enhanced. 
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Now, as for the relaLionship between the vibration source 
and Lhe liquid stamp, it is not needed to be contacted with each 
other in a. constant Gtatc, it will be good at least vibrating 
portion or movable portion is contacted tor the transition of 
5 vibration even it they are apart at the cerfai n i nr.erval . However, 
in the case Where* tnp. vibration is transmitted Lu a plurality 
nf pressure rooms at the same Lime by Lhe same vibration source, 
it is preferable Lliey are contacted with each other even in a 
constant state. Concretely, they are retained in a contacted 

10 state by mechanical adjustment means such as spring, screw and 
the like. Moreover, the liquid sump and the vibration source 
which are separate bodies can he also f i xe=*d by adhesive, filler 
added adhesive, thermal diffusion method and Lhe like. 
Furthermore, Lhe movable secLion of the vibration source is not 

15 necessarily required to be directly neighboring to or contacted 
with the liquid aump, it ia sufficient to be contacted with the 
vibration source via at least on© relaying member transmitting 
vibration to the liquid sump, in this case, si nr.fi adjustment 
can be carrH fid nut by the relaying member, alignment of the 

20 vibration source becomes unnecessary, the reduction of a number 
of Lhe vibidLiun sources is possible, and cost reduction ia 
contemplated. 

Moreover, the invention of claim 3 is a liquid-drop 
25 spraying device in whicn one portion of th« vibration source 
is fixed on fixation section such as base frame and Lhe like, 
at least one purLiuii of other vibration portions or movable 
portions is contacted with a liquid cump. Owing to this, the 
vibration of the vibration source is more efficiently transmitted 
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to the liquid sump, ana spraying efficiency is enhanced, 



Moreover, the invention of claim 4 is a liquid-drop 
spraying device in which at Icact one surface out of the contact 
5 aurfacco on which the vibration source and the pressure room 
are contacted with each other is in a convex shape , Now, r r.ontar.t 
surtace is referred to a vibration Transmitting surface for the 
vibration source and a vibraLiun IrausmiLLed surface for the 
pressure room Lo cause volume chanqe in the pressure room, by 
10 the vibration source, and in the caoc where at least one of them 
is in a convex shape toward outside, the other will bo good in 
any chape of a convex shape, a smooth shape and a concave shape 
in a constant state, provided the vibration, can be* t.ransml r.r.ed - 

t5 Moreover, the invention of claim 5 is a liquid-drop 

spraying device in which the vibration transmitting surface of 
the vibration oourcc in cmooth, tho vibration transmitted surf ace 
of the pressure room is a thin walled portion projecting toward 
outside. It will be good that the pressure room equipped with 

20 a thin walled portion prnj^rvHng toward outside is formed at 
the satriR time whfin the liquid sump including Lhe preasuie xuum 
is formed, and it will be also good that a proiectinq obiect 
is formed by adhesion and the like on a predetermined location 
of the vibration transmitted surface after forming the liquid 

25 sump . 

Moreover, the Invention of claim 6 is d liquid-dnop 
sprayiny device in which at least one of contact surfaces where 
the vibration source and the pa3s are contacted with each other 
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is in a convex shape. Owiny Lu Lhi*, change of the volume due 
La increasing and reducing pressure of the pass by the vibration 
source disperses to a plurality of volume rgduction sections 
via inlet and causes a droplet to discharge. 
5 Now, although a shape of pressure! ftAr.r.1 on of T.he vibration 

source is appropri at.fi 1 y defined by a shape of a pau^y 20 , iL is 
nor nfinflssarny limited to a shape lur yi«ssui:lzing the entire 
area of a pass. Concretely, it will be qood that only center 
purLion out of the thin walled section located upper of the pass 

10 is contacted, in the case whore a plurality of passes exist r 
it will be also good that all oi the passes are pressuri zpci . 
It will be also good that only part, of the partial pass is 
pressurized considering distance from the luleL and it is 
selected according tu Ihe discharging efficiency, dimensions, 

15 shape and Llie like. 



MoroDvor, the invention of claim 7 is a liquid-drop 
spraying device in which bridge port ion between the pressure 
rooms is cent anted with the vibration source. Now, it will be 
good that in the case where at least one of the contact surfaces 
ifcJ in d cunveA shape toward outside, the other is in any shape 
of a convex shape, a smooth shape and a concave shape. Particularly, 
in the case where a thin wailed portion of the pressure room 
is formed in a concave shape to the bridge portion, when the 
fiat vibration source pressures the* bridge portion once, the 
bridge portion shifts to the p^saura direction and the central 
purliun shil Is to the contrary o£ the pressure direction with 
respect to an end portion of thin walled portion in a concave 
ohapo, and then the volums of the pressure room increases and 
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the liquid is supplied from the pass. And, as the pressuring 
of the vibration source ig completed, the pressure room returns 
to the original state and when the volume decreases, the liquid 
ie discharged from the outlet, and by repeat ing thi s f f hp. "liquid 
5 becomes in a spraying star p.. Owi ng to this, r.he bridging porLiuii 
has a thi rsknesa r.o the direction ul iucr casing and reducing the 
pressure of the vibxaLion plate compared to the thin walled 
portion, therefore, the bridqing portion io more excellent than 
the thin walled portion in durability. Besides this, forming 

10 the thin walled portion in a concave shape indicates that if 
it is in a convex shape r it requires a step of making the* hp.lghr. 
ot the convex be certain level f wh1 1 e tine height of the bridye 
portion Is r.he same with the thickness ul Lhe entire device, 
theielure, it is easy to make the substrate with the thin walled 

15 portion in a convex shape and the number of making stops ie reduced. 
It chould be noted that when the bridging portion is pressured 
by the vibration source and an end portion of the> thin walled 
portion in a concave shape* *h i ft.ft to the* di rection of pressuring f 
the bottom portion with respect to the thin walled portion of 

20 the pressure room requires a thickness not to shifted/ and the 
amount of thickness is needed to appropriately ad juot by material/ 
mixing rate, the length, width and thickness of the bridging 
portion. Moreover, by adjusting the dimensions, shapes and the 
like of the pressure room and the bridge portion, it can be also 

25 designed so that the volume / capacity of Lhe pressure room is 
reduced when pressuiiny . For example, in the case where the width 
ul Lhe bridge portion is sufficiently narrowed with respect to 
the preasure room, or in the case where the side face of the 
pressure room is formed diagonally with respect to rhp nppp.r 



8 



surface or the bottom 3Urface, the upper ourfocc and tKc bottom 
surface arc deformed in parallel so that the total thickness 
of tha entire device is reduced, thereby reducing th^ volumes 
and the like of rhfi prp.sanrlng room and discharging Lhe liquid. 

5 

Moreover, the invention of claim 0 is a method of 
manufacturing a liquid-drop spraying device in which after a 
liquid sump consisted of the prccourc room having at least on© 
diacharging outlet and the pass connected to one or more pressure 

10 rooms via an inlet and supplying a liquid, snri the vibration 
source causing th* r^i fivanr. liquid sump to change Lhe volume 
are. separately formed, Lhe liquid sump and the vibration source 
die inLegraLed so that vibration of the relevant vibration aourcc 
is transmitted to the relevant liquid aump, then two or more 

15 relevant prcoour o rooms arc provided with respect to the relevant 
vibration source. Owing to this, since the vibration snnrr.P. and 
the liquid, sump nan he* formed by different materials and sLepy, 
for example, the vibration source can formed by a material 
enlarging an amount of displacement and beinq different from 

20 the material of the liquid sump which has been sintered, and 
the material of the liquid sump can be a metal having a high 
toughness and durability. Then, since the material component 
forming the vibration source does not ditf use to the substrate 
Having the liquid sump, the material of the substrate becomes 

25 stable and iLa durability can be more enhanced, and furthermore, 
the liquid sump and the vibration source can be individually 
checked, and reliability is more secured. 
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Brief Description of the Drawings 

FIG, 1 ia Q vertical sectional view of a discharging unit 
of a liquid-drop spraying device; 

FIG. 2 is an i 1 "Inst rat. i on showing r.he other liquid-drop 
spraying device; 

FIG. 3 ia ciu illustration showinq the other liquid drop 
spraying device ; 

FIG. 4 is a pcropcctivc viow showing the liquid-drop 
spraying device of FIG . 3; and 

FIG. 5 is an illustration showing The other 1 ,i qni ti-drop 
spraying device . 

DeauriyLlou of references 

I DISCHARGING UNIT OF LIQUID DROP SPRAYING DEVICE, 
15 10 PRESSURE! R0OH, 

10a THIN WALLED PORTION, 

II DISCHARGING UUTLKT, 
11a NOZZLE HOLK, 

12 INLET HOLE, 

20 13 VIBRATION SOURCE, 

13a PIEZO ELECTRIC / ELECTROSTRICTION ELEMENT, 

13b ACTUATOR, 

14 BRIDGING PORTION, 

lb ELECTRODE, 

25 20 PASS. 

Beat Mod© for Carrying Out the Invention 

The mode for carrying out a liquid-drop spraying device 
ot the present invention wi.11 be rifisr.rihAfi In rift nail below. 

IU 



FIG. 1 is a vertical 3ectional view of a discharging unit 
1 of a liquid-drop spraying device. The pressure room 10 
discharging a liquid-drop due to the reduction of tinea volume 
of the liquid sump provides the discharging out lei 11 haviny 
R the. no77le hole 11a which is opened uulwardly in a lower portion 
of an end, provides the inlet hole 12 on the other end of the 
surface where the discharqinq outlet 11 i3 provided, and the 
relevant prcoauro room 10 is connected to the pass 20 via the 
inlet hole 12 . Moreover, on the upper wall portion ot the pressure 

10 room 10, the vibration source 13 Is inregrally provided and 
mounted in * transversa direction so as to range over the upper 
wall portions of the oilier pressure rooms 10 transversely 
axxduytsd in parallel. The vibration source 13 is the 
piezo-electric / electro^trictive element 13a laminating the 

15 upper portion electrode, the piezo-electric / electrostrictive 
layer and the lower portion electrode,, by applying a 
predetermined voltage signal to the piezo-electric / 
electrostrictive element, the piezo-electric / 
electros trictive element is deformed by electric field qenerated 

20 between the upper portion electrode and the lower portion 
electrode, by deforming the wall portions of the mounted multiple 
pressure rooms 10 at the same time, a liquid supplied to the 
respective pressure rooms 1U are discharged from the discharging 
outlet 11 as a liquid-drop at the same time by pressurized force 

25 generated iu respective pressure rooms 10* To the contrary/ as 
the lower surface of the vibration source 13 rioco upward to 
return to the original position, the thin wallsd portions 10a 
of the multiple pressure rooms 10 also return to the original 
shape at the same time, a liquid Is supplied via the inlet hole 
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12 to the respective pressure room 10 Irum the pass 20 due to 
negative: fuiuy generated in the respective pressure rooma 10 
and the device prepare o for the next ejection. A liquid- drop 

10 ejected in a spraying state by repeating this. 

5 

i'lfj- 2 (a) i r an i 1 Tii55r.rar.ion showing the other embodiment 
of FTfi. 1 . The pressure room 10 provides Lhe discharging outlet 

11 having the nuzzle hole 11a which is opened outwardly in a 
luwyx portion of an end, provides the inlet hole 12 on the other 

10 end of the surface where the discharging outlet 11 is provided, 
and the relevant pressure room 10 is connected to the pass 20 
via the inlet hole 12. Particularly, th« thin walled portion 
10a of the pressure room 1.0 is formed in a convex ahcipa outwardly, 
and between this and the thin walled portion 10a of the other 

15 yrysisure room 10 located laterally, the concave portion io 
formed. 

On the other hand, in the upper position ot the upper wall 
portion of the pressure room 10, the vibration smirr.fi 13 which 
is separately formed is equipped, the lower surface of the 

20 vibration source 13 is formed smoothly, in a usual state, the 
positional relationship of the lower surface and the thin walled 
portion 10a of the pressure room 10 being contacted with each 
other is kept. Moreover, the vibration source 13 is also formed 
in a longitudinal shape in a transverse direction so as to range 

25 over till the upper wall portion of the othp.r prfifisnrft room 10 
arrayed laterally in parallel. 

Thy vibration source 13 is an actuator 13b laminating 
piezo-electric / electrostrictivc clciucnto and electrodes over 
a plurality of layers, and excellent in low voltage driving 
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ability and liiyk displacement ability as a structure vibrating 
upward and downward. By applying a predetermined voltage signal 
to the actuator 13b, the lower surface of the vibration source 
13 at the illustrated position is lowered, a liquid supplied 
5 to the respective pressure rooms 10 1s discharged from Ihe 
discharging outlet 11 as a liquid-drop dl Uie same time, due 
r.Q the pressurized force generated in the respective pressure 
looms 10 by simultaneously deforming the thin walled portion 
10a in a convex shape outwardly of the multiple pressure rooms 

10 10, To the contrary, as the lower surface of the vibration source 
13 rises upward to return to the original position, the rhin 
walled porrion 10a of t.hfi multiple pressure rooms 10 dlyureLuins 
to the original shape at the same Lime, a liquid is supplied 
via Ihe inleL hole 12 to the respective pressure room 10 from 

15 the pass 20 due to negative force generated in the respective 
prcaouacc rooms 10 and the device prepares for the next ejection. 
A liquid-drop is ejected in a spraying state; by repeating this. 

FIG. 2 (b) and (r.) exemplify forms of the laminated 
ar.tuatorjs 1 3b utilizing longitudinal piezo-electric effect and 

20 transversal piezo-electric effect, respectively/ and are 
yeltscLed cor responding to required drive voltage, amount of 
displacement, shape and the like. 

FIG. 3 and FIG, 4 are illustrations showing the other 
embodirrenr of ftg. 1 and fig. 2. Although the prey aura ruum 10 
provides the disahciryiuu uuLlel 11 having the nozzle hole 11a 
which i,b opened outwardly in a lower portion of an end, oince 
inthig embodiment, the relevant pressure roomprovides the inlet 
hole 12 on the upper surface of the other end of the su.rfa.ee 
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where the discharging uuLleL 11 is provided and the relevant 
pressure roam is connected to the paoa 20 via the inlet hole 
12 f the pass 20 io located in more upper position than that ot 
the pressure room 10, it is termed in the positional r#=*l at i nnshi p 
5 closer to the upper surface nf the discharging unit 1. 

On the other hand, above the upper wall pur Lion of the 
pressure room 10 , the vibraLiuu auurce 13 separately formed and 
fixed partially on the base frame is equipped, the lower 3urf acc 
which is to be a movable section of the vibration source 13 and 

10 the thin walled portion 10a are formed in a smoothed manner. 

FIG* 4 is a perspective view showing the positional 
relationship between the=s vibration source 13 and the pass 20. 
.a pa i r of the pres sure rooms 10 , 10 ahuwu in FIG . 3 are transversely 
arrayed in parallel, above which the vibration source 13 is 

15 located and formed in a lonqitudinal 3hape along the longitudinal 
direction of the paao 20 connecting to the multiple pressure 
rooms 10* 

The vibration source 1 3 hss also a structure for vibrating 
upward and downward ns the actuator 13b, by applying a 

20 predetermined voltage signal, the position shown in FIG of the 
lower- suLld.ce of the vibration source 13 is lowered with rsapect 
to the base frame on which it is mounted, causing the pass 20 
to deform, the supplied liquid is discharged from the discharging 
outlet 11 of the respective pressure room 10 as a liquid-drop 

25 at the same time by convey i ngrhn 1 i qui d to the respective pressure 
rooms 10 simultaneously due Lo the pressurised force generated 
in the pass 20. To the contrary, as the lower surface of the 
vibration 3ource 13 rioco upward to return to the original 
position, the pass 20 also returns to original sharp and a liquid 
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is supplied to the pass 20 due to negative force and the device 
prepares for the next ejection- A liquid-drop is ejected m a 
spraying manner by repeating this. 



5 Kit"-;. 5 i s al so an illustration ahowiny LbeuLhex embodiment, 

The pressure room 10 yxovides the discharging outlet 11 having 
the nuzzle hole Ha which is opened outwardly in a lower portion 
of an end, provides the inlet hole 12 on the other end of the 
surface where the discharging outlet 11 is provided, and the 

10 relevant pressure room 10 is connected to the pass 20 via the 
inlet hole 12, Particularly, the thin wall Art pnrr.lon 10a of the 
pressure -room in is formed in a convex shape inwardly, and the 
bridging portion located bet ween this and the thin walled portion 
10d o£ the other pressure room 10 located laterally, ia formed 

15 in the positional relationship of a relatively projecting 
outwardly. Then, over the upper wall portion of the pressure 
room 10, the vibration source 1 ^ which i s separately formed and 
its lower gurfanp. is formed in. a smoothed manner is eguipped P 
in FTR. 55 (a) showing a usual state, the positional relationship 

20 of the lower surface and the upper surface 14 a of the bridging 
portion 14 beinq contacted with each other io kept. Moreover, 
the vibration source 13 is also formed in a longitudinal shape 
in a transverse direction so as to range over till the upper 
wall portion of the other pressure rooms 10 transversely arrayed 

2ft i n paral 1 el . 

The vilu-dLion source 13 also has a structure for vibrating 
upward and downward as the actuator 13b, by applying a 
predetermined voltage signal, the lower surface of the vibration 
source 13 is lowered, to the pos.irinn shown in FTG.5 (To), the 



bridging portion 14 beLwaeu Lhe multiple pressure rooms 10 is 
deformed downwardly at the same tiiue, a liquid io supplied from 
the pa33 20 to the respective pressure rooms 10 due to the negative 
force generated by the respective pressure rooms 10 being 
5 rectangularly deformed. To the contrary,, as thft 1 nwer .surface 
o± the vibration $curr.& 1 3 r1 flea upward to return to the original 
position, the bridging portion 14 also returns Lu Ihe original 
shape aL the same Lime and a liquid supplied to the respective 
pressure room 10 is discharged from the discharging outlet 11 
10 as a liquid-drop at the come time due to the pressurized force 
generated in the respective pressure rooms 1U. A liquid-drop 
is ejected in a spraying manner by rnpR^ting this* 

Tha Industrial application probability 

15 As described above, according to the invention of claim 

l f since at leaot two prcocurc roomc connected to at least one 
discharging outlet are provided with respect to the vibration 
source of a liquid-drop spraying devi r.& f not nnly discharging 
en b.l oc from * plural i ty of discharging outlets can be performed 

20 only by driving a vibration source, but also the width of the 
design uau be broadened compared, to the conventional ones and 
can generate a larger displacement since the vibration source 
itself is larger and uses other kinds of materials, thereby 
resulted in being capable of spraying a large amount* 

Moreover , the invention of claim 2 is a liquid-drop 
spraying de vice in which the liquid sump and the vibration source 
are separate bodies. Owing to thio, in addition to the above 
deocribed effects, the vibration source and the liquid sump can 
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be separately formed, for example, the vibration source is 
capable of being formed by the materials enlarging displacement 
amount and separately from the liquid sump. Moreover,, in rhp. 
case where mar « ri al s for the 1 1 quid sump is defined, for example, 
5 to be a metal/ the toughness is enhanced and the durability ca n 
be enhanced. Then, since the material components forming the 
vibration source does not diffuses to the side of the substrate 
having a liquid aump, the material of the substrate becomes stable 
and the durability is more enhanced, 

10 

Moreover, thA Invention of claim 3 is a liquid-drup 
spraying device in which one of the portions of the vibration 
source is fixed on the fixation section of the base frame and 
the like, at least one of the portions out of the other vibration 
15 ccction or movable section is contacted with the liquid sump- 
Owing to this, the vibration of the vibration source does not 
transmits f n the* fixation porr.ion side, and mure efficiently 
transmits to the liquid sump and the spraying efficiency is 
enhanced. 

20 

Moreover, the invention of claim 4 is a liquid-drop 
spraying device in which the vibration source and the pressure 
room are contacted with each other, and at least one of the 
contacted surfaces is in a convex shape. Since many kinds of 
25 shapes of contacted surfaces can be ulilized, it can be selected 
cur responding to the materials of the liquid sump and the 
vibration source, discharging amount and the like, discharging 
has been stable. 
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Moreover, the invention of claim 5 is a liquid drop 
spraying device in which the vibration transmission surface of 
tho vibration source of claim 3 is smoothed, and the vibration 
submitted transmission surface of the pressure room is a thin 
6 walled portion, projp.cr.1ng outwardly. Since the pressure room 
having a thin walled portion projecting outwardly cclii be easily 
prepared by utilizing a method of forming a conventional 
integrated projecting unit, the coat of preparation can bo 
reduced- 

10 

Moreover, the invention of cl^im f> is a liquid-drop 
spraying dfivir.fi in whlnh the vibration source and the relevant 
pass are contacted with each other, at lea^t uue of the contacted 
yuiTdcwa is in a convex shape. Owinq to this, the volume chanqe 

15 due to the increasing and reducing prcoourc to the pass by the 
vibration source is dispersed into a plurality of volume 
reduction section via an inlet hole r discharging of* thP. 
liquid-drop -is performed, it is not necessary to mount a large 
number of vibration sources individually as the conventional 

20 ones, and the cost of preparation can be reduced. 

Moreover, the invention of claim 7 is a liquid-drop 
spraying device in which the bridging portion between the 
pressure rooms is contacted with the vibration source* Owing 
25 to r.hls, rhe bridging portion has a thickness larger than that 
ul thy thin walled portion with respect to the direction of 
increasing and reducing pressure of the vibration plate and ia 
excellent in the durability and in addition, forming the thin 
walled portion in a concave shape, compared to the case where 
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it is in a convex sharp and required a otcp of making the height 
of the convex be certain level, indicates that since the height 
ot the bridging portion is the ^me with f.hf* thickness of the 
entire rtevlce, 1 r. is easy to make Lhe subslrdLe and Llie nuitfoer 
5 of slept* iy also reduced. 
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Moreover, the invention of claim 8 is a method of 
manufacturing a liquid-drop spraying device in which after a 
liquid eump and the vibration source are separateiy termed, two 
or more relevant pressure rooms are provi rieri with rfispficrr. no 
the rRiflvanr. vibration sources by integrating Lhe liquid sumy 
and the vibration buuiuy so that vibration of the relevant 
vibration source is transmitted to the relevant liquid oump. 
Owing to thio, since the vibration source and the liquid sump 
can be formed by different materials and steps, for example, 
the vibration source can be fo.med by r material enlarging an 
amnnnr ot ni api anemenr. and separately from the convenlioucil 
sintering material of liquid sump , and the material of the liquid 
sump can be a metal havinq a hiqh toughness and durability. Then, 
since the material component forming the vibration source does 
not diffuse to the side of the substrate having a liquid sump 
by reduction ot contact area, the material of the substrate 
becomes stable and its durability can be more enhanced, and 
furthermore, the liquid sump and the vibraLian tsuuiue v*u be 
individually checked, and reliability is more secured. 
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What is claimed is: 

1. A liquid-drop apraying devica, characterized in that 
it has a liquid sump consisted ot a pressure room h;wi ng at 1 sasr 
one of discharging ontlp.t and a pass connected to ones or more 
B pressure rooms via an inlet hole aud supplying a liquid and a 
vibration source causing the relevant liquid sump to change 
volume and two or more relevant precaurc roomc arc provided with 
respect to the relevant vibration source. 

2* ft liquid-drop spraying device,- characterized in rhat 
10 a liquid sump and a vibration source of el a A ml a re. aepa r ar.e bodies . 

S- a liquid-drop spraying device, characterized in Ilia I 
one portion of a vibration source ul claim 2 is fixed on fixation 
yecLion and at least one portion of other vibrating section ia 
contacted with a liquid oump. 
15 4 - A liquid-drop spraying device, characterized in that 

at least one of contacted surfaces wherR a vita rati on source and 
a prfififi-nrft room of a liquid sump of claim 2 art; cuutauL^d wiLh 
is in a convex shape. 

5. A liquid^drop spraying device, characterized in that 
20 a vibration transmission surface o£ a vibration source of claim 

4 is smoothed and a vibration submitted transmission surface 
of volume reduction section is a thin walled portion projecting 
outwardly- 

6. A liquid-drop spraying device , characterized in thai 
25 at least one ul cuuLacted surfaces where a vibration source and 

a pass of a liquid sump of claim 2 are contacted with Id in a 
convex chape * 

7- A liquid-drop spraying device, characterized in that 
a bridging porr.i on berween pressure rooms of claim 2 is contacted 



wiLh a vibration source. 

8. Amethod of manufacturing a liquid drop spraying device , 
characterised in. that after a liquid sump consisted of a pressure* 
room having at least one di.srhargi ng our. Ten and a pass cormeuUeU 
& to one nr more* pressure rooms via an inleL holy and supplying 
a liquid, and a vibiaLiuu source causing the relevant liquid 
sump Lu change volume are separately formed, the liquid oump 
and the vibration source are integrated co that a vibration of 
the relevant vibration source is transmitted to the liquid sump, 
10 then two or more relevant pressure rooms areprovi dpd wi t.Vi respect, 
to the relevant vibration source. 
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Aba tx act of the Dia closure 

The pressure room 10 provides the discharging outlet 11 
having the nozzle hole 11a opening outwardly In a inwftr portion 
ox an end, provides mi a in! en hole 12 in the ether end o£ the 
R surface where the diauhtu-yiiiy uuLlet 11 is provided, and the 
room is connected to the pass 20 via the inlet hole 12. On the 
upper wall portion of the preaourc room 10, the vibration source 
13 i3 integrally provided, and mounted in a transverse direction 
co as to range over till the upper wall portion of the other 

10 pressure room IU arrayed laterally in parallel. Then, as the 
vibration source 13 vibrate, wall portions of the liLLeU 
mill r.1 pie pressure rooms 10 are deformed aL the same time, the 
liquid supplied to the respective pressure rooms 10 is discharged 
from the discharging outlet 11 as a liquid-drop at the same time 

15 by prcoourizad force generated in respective pressure room 10. 
Owing to this, not only discharging en Won from the* multiple 
discharging outlets can ho pnafU hi e only by driving the vlbraLiun 
smirne, hut also the width of the design can be broadened than 
that of the conventional ones because the vibration source itself 

20 is larger and uses other kind of materials, a large amount of 
displacement can be generated, and a large amount of spraying 
becomes possible. 
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